Objective: To determine whether adenotonsillar size is a significant determinant of voice in children who have undergone adenotonsillectomy. Study Design: Prospective cohort study. Place and Duration of Study: Ear Nose Throat Clinic, Ankara Numune Training and Research Hospital, Ankara, Turkey, from July 2017 to June 2018. Methodology: A total of 57 patients, who have been diagnosed with chronic adenotonsillitis and operated for obstruction or infection, were included in the study. Patients were divided into two groups according to their palatine tonsil sizes. Each patient performed voice analysis preoperatively and one month postoperatively, recruiting both objective and subjective methods. F0, jitter % and shimmer % values were assessed with objective methods; while subjective methods evaluated pediatric voice handicap index (pVHI) scores. Pre-and post-operative F0, jitter % and shimmer % values and pVHI scores from each study group were compared. Results: In each study group, pre-and post-operative F0, jitter % and shimmer % values were found to be similar. In Group A, postoperative pVHI scores were found to be significantly reduced (p<0.001). In Group B, however, pre-and postoperatively assessed pVHI scores were similar. Conclusion: Adenotonsillar hypertrophy in children, who underwent adenotonsillectomy, seems to be an important and positively effecting factor on the subjective, but not the objective, parameters of voice.
INTRODUCTION
Adenotonsillectomy is the most common surgical procedure performed by otolaryngologists and the second most commonly performed pediatric surgery. [1] [2] [3] Although adenotonsillectomy is often considered as a minor operation, it may lead to a number of major complications including haemorrhage, anaesthesia complications and velopharyngeal insufficiency. [4] [5] [6] Considering the fact that this operation is performed mainly due to chronic tonsillitis and adenotonsillar hypertrophy, an accurate understanding of the risks associated with this operation by both the patient and the physician is of great importance. 7, 8 Despite advances in surgical and anaesthetic techniques, the morbidity associated with this procedure remains a major concern. 9 One of the questions addressed to the clinician during the regular informational interviews about the mortality and morbidity with the patients and/or their parents is whether this operation may cause vocal changes. It is the responsibility of clinicians to respond to these specific concerns.
Alterations in vocal tract anatomy due to adenotonsillectomy are likely to lead to a change in resonance and in the voice as a consequence. Previous studies in the literature that have focused on the effects of adenotonsillectomy on voice have reported conflicting results. [10] [11] [12] One possible explanation for this is that, those studies may have recruited children having adenotonsillar tissues with varying sizes.
As to authors' knowledge, the effects of adenotonsillar size on voice have not previously been centred on in detail by objective and subjective methods in children undergoing adenotonsillectomy, which was the objective of the present work.
METHODOLOGY
The study was approved by the local Ethics Committee. Subjects' parents were informed and their signed consents were taken. Children between 3-10 years, who had been diagnosed as chronic adenotonsillitis, and operated in this clinic for obstruction or infection between July 2017 and June 2018 were included in the study. Children with hoarseness, speech impairment, or any upper or lower respiratory tract infections were excluded. The subjects, who met the inclusion criteria were divided into two groups according to their palatine tonsil sizes. Palatine tonsillar hypertrophy was assessed ORIGINAL ARTICLE Is Adenotonsillar Size a Significant Factor on Voice in Children Undergoing Adenotonsillectomy?
according to the scale suggested by Brodisky. 13 Pharyngeal tonsillar hypertrophy, on the other hand, was evaluated by direct inspection via nasal fiberoptic endoscopy. The patients with grade 3 or grade 4 palatine tonsillar hypertrophy with a pharyngeal tonsillar hypertrophy that obstructs more than 70% of the nasopharyngeal passage were included in Group A; the patients with grade 1 or grade 2 palatine tonsillar hypertrophy with a pharyngeal tonsillar hypertrophy that obstructs more than 70% of the nasopharyngeal passage were included in Group B. All patients underwent cold knife adenotonsillectomy under general anaesthesia.
The parents were asked to complete the Turkish pVHI questionnaire, which includes 23 questions, and evaluate the effects of the child's voice on his/her social, emotional and educational life and has previously proven to be a reliable and valid translation. The questionnaire was repeated one month after the operation. Each patient also underwent an acoustic voice analysis preand one-month postoperatively.
The pVHI questionnaire is a subjective pediatric voice evaluation tool which consists of questions for parents. Its main objective is to assess the effects of the child's voice on his/her daily life. pVHI includes 23 questions, concerning with the functional (7 questions), physical (9 questions) and emotional (7 questions) aspects. The parents score the questions on a scale of 5 points (i.e. 0 to 4). A higher total score is indicative of a more severe subjective voice disorder.
All patients were performed acoustic voice analysis using XION Medical DIVAS 2.5 Digital Voice Analysis software. Briefly, the subjects were asked to sit in front of a microphone (a USB Audio CODEC microphone plugged into a preamplifier) such that their mouth was located 30 cm away from the microphone. They were asked to articulate the letter "a" for at least 5 seconds. The procedure was repeated after 10 minutes. The obtained acoustic samples were saved on the computer using Creative Labs SB0240 Audigy 2 Platinum 6.1 sound card (Creative, Milpitas, California, USA) and Dr. Speech v.4 program (Tiger Electronics, Seattle,WA, USA), which runs on Windows XP operating system. Fundamental frequency (F0), jitter % and shimmer % measurements were run. Two measurements from each subject were averaged and recorded for further evaluation.
Pre-and post-operative F0, jitter %, shimmer % values and pVHI scores were compared. Postoperative changes in these parameters were assessed and intergroup comparisons were performed further to evaluate the effects of adenotonsil size on voice.
Quantitative data were expressed as mean with standart deviation or median with Interquartile Range. Qualitative data were expressed as frequency and percentage. The Shapiro-Wilk test was used to assess the distribution of data. Intergroup comparisons for independent variables were performed using Mann-Whitney U-tests. . Post-operative changes in these three parameters were found to be insignificant in this patient group (p=0.620, p=0.416 and p=0.684, respectively). In this group, the median pre-and postoperative pVHI scores were 14.5 (9.75-22) and 5 (1.75-8.5), respectively, demonstrating a significant improvement one month after adenotonsillectomy (p<0.001, Table III ). In group A, subjective but not the objective parameters of voice seemed to improve after the operation.
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DISCUSSION
Adenotonsillectomy did not seem to have any significant effects on either the subjective or the objective parameters of voice in the non-hypertrophic patient group (Group B) in this study. On the other hand, in the hypertrophic patient group (Group A), adenotonsillectomy has led to a significant improvement in the subjective parameters of voice; however, the objective parameters have remained unchanged.
F0 is the vibration rate of the vocal folds and it represents the resonance characteristics of the supralaryngeal vocal tract with regard to tongue articulation and placement. 10 Jitter is a useful measurement tool to detect the periodto-period perturbations. It reflects the inability of the vocal folds to support periodic vibration, and the presence of turbulence noise in voice signal. 14 Shimmer is related to the period-to-period variability of voice. Lower jitter and shimmer values may indicate a better voice quality.
Voice is mainly produced in the larynx and it gains its acoustic characteristics inside the vocal tract. 15 Adenotonsillectomy does not directly affect the vocal folds, but it may alter the resonance of the vocal tract. Mora et al. reported that adenotonsillectomy operation significantly improved the F0, jitter and shimmer values in children with adenotonsillar hypertrophy. 14 In contrast, a latter study by Dimatos et al., included the children with adenoid hypertrophy, demonstrating a grade 3 or 4 palatine tonsil hypertrophy (according to the Brodsky 13 scale) and causing a more than 70% obstruction across the nasopharynx. It was reported that no significant change had been observed in the F0, jitter and shimmer values after adenotonsillectomy. 16 There are a number of papers in the literature with conflicting results regarding the effects of adenotonsillectomy on voice, [10] [11] [12] which may be attributable to the heterogeneity of the patient groups that had been studied, with respect to the degree of adenotonsillar hypertrophy. In other words, adenotonsillar size may be an important determinant of whether adenotonsillectomy will exert any effects on voice, or not. From this standpoint, this study focused on adenotonsillar size and the patient groups were established depending on the absence or presence of adenotonsillar hypertrophy. In both groups, the pre-and one-month postoperatively measured objective voice parameters (i.e. F0, jitter % and shimmer %) were statistically similar.
Salami et al. studied the effects of surgery in children undergoing tonsillectomy either alone or with adenoidectomy, and reported a significant improvement in VHI scores. 10 Naraghi and colleagues similarly recruited pVHI in their study to evaluate the subjective voice parameters in children, most of whom had been operated for obstruction, and found a significant betterment in the post-adenotonsillectomy scores. 17 They attributed this improvement to the amelioration of obstruction and rhinolalia. Nonetheless, the authors underscored the need for confirmation via further studies to be held on children being operated for infectious reasons. For subjective voice analysis, we have recruited the Turkish pVHI as proven by Özkan et al. to be a valid and reliable translation of the original pVHI test. 18 It was first developed by Jacobson et al. and modified by Zur et al. 19, 20 In the non-hypertrophic patient group, no significant difference was found between the pre-and one-month postoperatively measured pVHI scores. On the other hand, the pVHI scores of the children in the hypertrophic patient group significantly improved after the operation. 
